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Abstract:
Natural frequency tuning is a vital problem in engineering. Every structure possesses its natural frequencies where vibrational
loading at nearby frequencies excite the structure. This causes the structure to oscillate until energy is dissipated through friction or
structural failure. A classical aspect of good structural design lies in optimising the stiffness to mass ratio through material, and
shape. It may appear that natural frequencies can be manipulated as an afterthought. For more conventional structures, however,
the roles of material, cross-section and boundary conditions are all comparatively small in allowing frequencies. This study of
proposed work mainly focuses on the effect of material on the dynamic characteristics behaviour of marine propeller. Using
appropriate finite element modelling desired simulation of the structure can be achieved to ensure a certain level of safety.
© 2016 The Authors. Published by Elsevier Ltd.
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1. Introduction
Accurate prediction of the natural frequency and mode shapes of marine propeller blade is of considerably
important at the design stage. The blade geometry is quite complex and may have the pre twist, taper and asymmetry
of the cross section and such blades are mounted on the periphery of rotating disc at stagger angle. The presence of
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taper in accordance with the effect of taper imposes maximum difficulties in determining the solution to the
problem. Various researchers have derived solutions to the problem by considering individual aspects such as taper,
pre twist, asymmetry of the cross section and centrifugal forces with making simplified assumptions about second
order effects. The starting solution for a simple stationary blade is obtained from classical Euler-Bernoulli beam (1)
with the cantilever boundary conditions for bending vibration and St Venants non-circular rod for torsion
vibration(1,2).The solution of cantilever blade can be obtained by applying classical approach using simplified
conditions for solving the differential equation of motion are Ward(3),Wrinch(4),Meyer(5) on tapered beams and
Sutherland &Good man(6) on the effects of shear and rotary inertia. Power series of solution of blade natural
frequencies have been obtained by Taylor[7] for the case of uniform and completely tapered beam.
Using the Galerkin method Rao (8) obtained the formula for the fundamental flexural frequency of a tapered
cantilever beam with rectangular cross section. Considering the effect of pretwist on the blade Dunholter (9)
considered the static displacements and natural frequencies of pre twisted beams. White (10) employed Greens
functions to derive the conditions of orthogonally for a uniform pre twisted blade executing the bending vibrations.
Diprima and Handle man (11) solved the equations of motion of a pre twisted cantilever blade by Rayleigh Ritz
method to determine the frequencies and amplitude ratios. Carneige (12) described an experimental method to
determine the centres of flexural and torsion of aerofoils cross sections. Houbolt &Brooks (13) derived the equation
of motion for pre twisted a cantilever beam with asymmetrical aerofoils and suggested Rayleigh Ritz method for
their solution.
Barten et al (14) used finite element method to study stationary thin blades. Ahamed et al (15) followed similar
analysis for thick blades and this was extended to rotating blades by Bossak and Zeinkiwicz (16). The
implementation of fiber reinforced composite materials to the application of blades continues to increase, since it is
important to explore the potential benefits that can be designed into the physics of these materials. Vibration is often
critical to the successful operation of engineering structures which are composed of composite materials for
example propeller blades, helicopter rotor, wind turbine blades, automatic and aerospace panels. The first
established work on pre twisted composite plates was carried out Qatu et al (17) to determine the natural frequencies
of stationary plates using laminated shallow theory using Ritz method .Brig and Migliore (18) provided preliminary
design method based on theory of Euler Bernoulli theory on layup structures and it was found that layup sequence
which was obtained by this method did not meet the requirements of actual strength at the root area through
analysing the finite element model. Ashwani Kumar (19) stated that Finite Element Analysis offers satisfactory
results with additional ability to calculate regional mode and natural frequency with fracture locations during
external loading condition. Free vibration analysis of laminated composite beams has been conducted by significant
amount of research. Alejandro(20) proposed to analyse basic vibration mode of composite layup structure of wind
turbine blades with the normal operating conditions by transforming complex geometric blade model into equivalent
beam model using the VABS calculating program Liu Wang-yu (21) studied the influence of fiber angle of the layup
blade on strength through the finite element model of the blade and combined the response surface methodology and
results showed that when layup angle is near 45 it can get higher stability strength. Stacking sequence of a laminated
cylindrical shell is optimized based on natural frequency by Shakeri et al (22). Yddorom & Koral (23)studied the out
of plane free vibration problems of symmetric ply laminated beams using the transformation cross method Khedir
&Reddy(24) have been studied free vibrations of cross ply laminated beams with arbitrary boundary conditions.
Investigations on the natural frequency modes of graphite epoxy cantilever plate and shells was carried out by
crawley(25) and the free vibrations of rotating composite plates was analysed by Wang(26) and Shaw(27). Most of
these structural components can be approximated as laminated composite beams (28).
2. Material of the Blade
To evaluate the vibrational characteristics, the blade considered is varied with different materials both isotropic
and orthotropic. The application of composite material as a replacement to isotropic lies in its potential for high
strength to weight ratio and desirable properties can be achieved if these materials are tailored correctly in terms of
its design parameters. In this paper alloy of aluminium, high tensile brass, composite materials of Carbon epoxy, and
E-glass epoxy are investigated.
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Table 1. Material Properties of Metallic alloys
Table 2. Material Properties of Composite Materials
3. Cad Model and Numerical Simulation
The three-dimensional solid model of the blade was reduced to a single blade. An efficient numerical and
developed numerical approach is used to analyse the vibration characteristics of a propeller. The method can
consider the effects of the pre twist, taperness and curvatures associated with geometric non-linearity. The
commercial FEM solver Ansys is used to solve the dynamic equation. Finite element mesh was created using
hexahedral shell (181) elements. Each node has six degrees of freedom. These elements are well suited for linear,
large rotation and large strain nonlinear applications. The blade along was meshed with 10mm element size length
and total number of elements are 7206 and number of nodes are 7356.
Table 3. Specifications of Propeller Blade
Material Ex
(Gpa)
υxy Density
( ρ )(Kg/m3)
Copper-Nickel aluminium alloys 122.58 0.33 8530
Copper High tensile brass 102.97 0.35 8300
NAB 117 0.34 7600
NMnB 105 0.34 8000
MAB 125 0.326 7530
MnB 105 0.34 8300
Material Carbon -Epoxy E-glass-Epoxy
xE (Gpa) 25.0 46.2
yE (Gpa) 10.0 14.7
υxy 0.16 0.31
Gxy(G pa) 5.2 5.35
ρ ( g/cc) 1.60 2.04
Type of series Wageningen  B screw
Delivered power ( PD) 648KW
Advance speed (VA) 4.372m/s
Propeller rate of rotation (N)
380 rpm
Propeller diameter (D) 2.12m
Number of blades (Z) 4
Blade area ratio (AE/A0) 0.70
P/D Ratio 0.9
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Fig. 1. CAD Model of 4-Bladed Propeller Fig. 2. FEM Model of Single Bladed Propeller
3.1. Modal Analysis
The eigen value problem of propeller blade employs number of modal equations with finite number of degrees of
freedom. Under non damping and non-external load condition fixed body analysis was carried out to determine the
natural frequencies of the blade in its end of the root (hub) with all degrees of freedom are arrested.
The equation of motion for such type of rotating blades can be derived from the Hamilton’s principle as
   eU T (1)
where U corresponds to the strain energy and Te corresponds to the kinetic energy. In terms of strain
displacements the strain energy takes the form
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Where E is the Young’s modulus of elasticity, ε is the strain, ρ is the density, V is the volume and v is the
velocity of the system. Based on the above stated principle the governing equations for finding equation of motion
are derived as
        e g r extMq cq k k k q F Fr (3)
      e g extMq cq k k q F (4)
  0   e gMq k k q (5)
, ,q q q  are the acceleration velocity and displacements. M and C represents the mass matrix, damping coefficient
respectively. , ,e g rk k k are the elasticity, geometric and rotational stiffness matrices. To carry out the modal analysis
over composite symmetrical, balanced and unbalanced stacking sequence [02/45/90/02/453/03] are analysed with
number of layers varying from 6 to 25.
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4. Results and Discussion
Table 4. Natural frequencies of Isotropic materials
Mode
No
NAB NMnB MAB MB CNA CHTB
1 487.48 441.32 494.78 433.27 459.66 430.06
2 1561.1 1413.3 1590.7 1387.5 1476.2 1373.3
3 1689.9 1529.9 1722.5 1502.0 1598.3 1486.2
4 3152.1 2853.7 3217.1 2801.6 2984.1 2769.7
5 4063.8 3679.0 4138.7 3611.9 3841.3 3576.2
6 5578.8 5050.6 5671.3 4958.5 5266.4 4916.0
Table 5. Natural frequencies for Composite with 6-layers
Table 6. Natural frequencies for Composite with 12-layers
Mode No E-Glass-
Epoxy
Carbon-
Epoxy
CFRP
+GFRP
GFRP
+CFRP
1 362.84 697.31 436.66 605.58
2 1098.9 2054.6 1388.0 1669.0
3 1160.4 2090.0 1475.1 1743.3
4 2163.8 3913.6 2828.8 3088.6
5 2737.3 4928.3 3497.7 4035.7
6 3637.3 6265.9 4693.5 5037.4
Mode No E-Glass-Epoxy Carbon-Epoxy CFRP
+GFRP
GFRP
+CFRP
1 365.78 676.54 392.04 626.17
2 1000.3 1629.4 1135.1 1445.9
3 1118.3 1925.3 1273.2 1664.9
4 1977.5 3131.9 2288.0 2736.2
5 2584.9 4267.9 2912.4 3788.8
6 3348.2 5160.6 3736.9 4607.2
Fig. 3. Variation of natural frequency
with mode no. for isotropic materials
Fig. 4. Comparison of natural frequency MAB vs.
Composite (6 layers) materials
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Table 7. Natural frequencies for Composite with 18-layers
Mode No E-Glass-
Epoxy
Carbon-
Epoxy
CFRP
+GFRP
GFRP
+CFRP
1 361.25 702.47 454.64 592.62
2 1101.5 2051.5 1446.9 1602.7
3 1154.0 2100.4 1529.8 1690.2
4 2185.3 4016.6 2945.1 3090.4
5 2776.1 5062.6 3685.0 4016.9
6 3723.7 6601.3 4951.0 5199.7
Table 8. Natural frequencies for Composite with 25-layers
Mode No E-Glass-
Epoxy
Carbon-
Epoxy
CFRP
+GFRP
GFRP
+CFRP
1 357.55 695.92 451.13 589.00
2 1102.7 2045.6 1429.8 1600.3
3 1147.6 2093.8 1521.4 1705.1
4 2179.1 4009.5 2910.8 3115.0
5 2785.6 5085.9 3686.2 4065.5
6 3766.7 6737.2 4976.0 5342.6
F
Fig. 5. Comparison of natural frequency
MAB vs. Composite (12 layers) materials
Fig. 6. Comparison of natural frequency
MAB vs. Composite (18 layers) materials
Fig. 7. Comparison of natural frequency MAB vs. Composite (25 layers) materials
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5. Results
In this study modal analysis has been carried out for propeller blade with constant element thickness throughout
the analysis.
The mode shapes and natural frequencies of marine propeller blade have been evaluated using Ansys 15 solver.
Mathematical simulation is performed for clamped free condition with root constrained to all degrees of freedom.
The first six natural frequencies and associated mode shapes for metallic alloys and composite materials are
determined and plotted in table 4 to8. Different mode shapes bending, torsional, axial bending and combination of
the two vibrations are obtained.
From table 1 it shows that the material with lower density (Manganese Aluminium Bronze) achieved higher
natural frequencies, followed by Nickel Aluminium Bronze, Copper Nickel Aluminium alloys etc. The frequency
range varies from 494Hz to 5671 Hz.
From table number 5 it shows that the natural frequencies of  composite materials with six number of layers and
stacking sequence having ply angles 0,45 carbon epoxy having high bending frequencies and torsional and
combined torsional-bending frequencies.
From table 6 it shows that with further increase in number of layers from 6 to 25 and ply angles 0, 45 increment
in natural frequencies can be observed .Carbon epoxy followed by Carbon epoxy combined with glass epoxy
achieved high frequencies in all of the modes. The percentage increment in frequencies from 6 to 25 layers for blade
made with carbon epoxy is 15-22%, for carbon epoxy applied at 0  , 90  and glass epoxy at 45  is 1% for
bending, 0.5-3% for torsion and 1-5% for combined bending and torsion.
6. Conclusion
By using FEA based simulation software Ansys 15 the analysis results are interpreted for the blade subjected to
torsional vibration, axial bending vibration and axial bending with torsional vibration. The first six natural
frequencies and associated mode shapes have been calculated by applying fixed free condition. The Three
dimensional model is generated using CATIA and finite element model is performed in HYPER MESH and
transferred to ANSYS. The effects of materials on the propeller blade in terms of its modal characteristics are
differentiated and corresponding graphs are plotted. Finally a comparison has been made between isotropic and
composite. From the results it can be predicted by proper tailoring composite materials at specified ply angles and
varying number of layers natural frequencies can be enhanced to cope up with isotropic materials.
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